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(57) Abrégé/Abstract:

A device (1) for controlling the flow of a fluid through a conduit (6) from an upstream side of the device to a downstream side of the
device. The device (1) includes an upstream valve casing (4) defining an inlet, a downstream valve casing (5) defining an outlet
aperture, and a valve core (2) secured between the upstream valve casing (4) and the downstream valve casing (5). The upstream
valve casing (4), the downstream valve casing (5) and the valve core (2) are formed as discrete parts. The valve core (2) includes a
housing (20) defining a control volume. The valve member is mounted on the housing (20) and positioned on the upstream side of
the outlet aperture (10), the valve member being arranged to move reciprocally to selectively open and close the outlet aperture
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(10), thereby controlling flow of the fluid through the outlet aperture (10).

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191

CA 3103757 C 2023/10/03

neEn 3 103 757

12 BREVET CANADIEN
CANADIAN PATENT
13 C



wo 20207193968 A1 |0 0000 KO0 A0 0

CA 03103757 2020-12-14

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert N
o amisaton " > A A
International Bureau = (10) International Publication Number
(43) International Publication Date ——’/ WO 2020/193968 A1

01 October 2020 (01.10.2020) WIPOIPCT

(51) International Patent Classification: (71) Applicant: OXFORD FLOW LIMITED [GB/GB]; Os-
F16K 3726 (2006.01) F16K 47/04 (2006.01) ney Mead, Oxford OX2 0ES (GB).
?;2%17;(1)22(2(288605)1) 22%/71/52(2(288605)1) (72) Inventors: COLLINS, Matthew; c/o Oxford Flow Lim-
F16K 31/124 (2006.01) GOSD 16/10 (2006.01) ited, Osney Mead, Oxford OX2 0ES (GB). KENNELL,
FI16K 3700 (2006.01) Christopher; c/o Oxford Flow Limited, Osney Mead, Ox-

ford OX2 0ES (GB).

(74) Agent: DEHNS; St Bride's House, 10 Salisbury Square,
London EC4Y 8JD (GB).

(21) International Application Number:
PCT/GB2020/050784
(22) International Filing Date: Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,

24 March 2020 (24.03.2020) ®1)

(26) Publication Language: English DZ. EC. EE. EG. ES. FI, GB, GD. GE, GH, GM, GT, HN,
(30) Priority Data: HR, HU. ID, IL. IN, IR, IS, JO, JP, KE. KG. KH, KN, KP,
1904254 8 27 March 2019 (27.03.2019)  GB KR.KW,KZ. LA, LC. LK, LR, LS, LU, LY, MA. MD, ME,
1908174 .4 07 June 2019 (07.06.2019) GB MG, MK, MN, MW, MX. MY, MZ. NA, NG, NI NO, NZ.

OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: DEVICE FOR CONTROLLING FLUID FLOW

Y
Savaas
« \\\\@\ DR

28 156 3548 58 14] 55 3

Figure 1b

(57) Abstract: A device (1) for controlling the flow of a fluid through a conduit (6) from an upstream side of the device to a downstream
side of the device. The device (1) includes an upstream valve casing (4) defining an inlet, a downstream valve casing (5) defining an
outlet aperture, and a valve core (2) secured between the upstream valve casing (4) and the downstream valve casing (5). The upstream
valve casing (4), the downstream valve casing (5) and the valve core (2) are formed as discrete parts. The valve core (2) includes a
housing (20) defining a control volume. The valve member is mounted on the housing (20) and positioned on the upstream side of
the outlet aperture (10), the valve member being arranged to move reciprocally to selectively open and close the outlet aperture (10),
thereby controlling flow of the fluid through the outlet aperture (10).
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Device for Controlling Fluid Flow

The present invention relates to a device for controlling the flow of fluid in a conduit,

in particular to a fluid flow device that has a defined failure mode.

In fluid flow systems such as pipes and conduits, e.g. as can be found in many
different industrial situations such as the oil and gas industry, there is a need to
control the flow of fluid in a fluid flow stream through the conduit. Devices such as
fluid flow control valves and pressure regulators may be used to control or regulate
the fluid flow or pressure through the conduit. Such devices may deliver a desired
flow rate, or an upstream or downstream pressure, and thus may be controllable in
a range between a fully open and fully closed position. Alternatively, such devices
may simply act as shut-off valves, being moved between a fully open and fully

closed position.

The valve member, the moving part in such valves which is controlled to open and
close the valve, is typically actuated by an external mechanical actuator via a stem
that protrudes through the valve body and is mechanically coupled to the valve
member. However, this mechanical coupling is a potential point of weakness for the
valve. Such couplings suffer from failures in, for example, the gearbox or linkage
between the valve stem and the valve closure member, the gearbox or linkages
within the external actuator, the stem packing that seals against the stem, etc..
Such failures can lead to the valve failing to operate or leakage of the fluid flowing
in the conduit from the valve. In the oil and gas industry, in particular, leakage of oll
or gas is to be avoided as this can be extremely costly, both environmentally and

financially.

It is an object of the invention to provide an improved device for controlling the flow

of a fluid through a conduit.

When viewed from a first aspect the invention provides a device for controlling the
flow of a fluid through a conduit from an upstream side of the device to a

downstream side of the device, the device comprising:
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an upstream valve casing defining an inlet on the upstream side of the
device;

a downstream valve casing defining an outlet aperture on the downstream
side of the device;

a valve core secured between the upstream valve casing and the
downstream valve casing, wherein the upstream valve casing, the downstream
valve casing and the valve core are formed as discrete parts;

wherein the valve core comprises a housing defining a control volume;

a valve member movably mounted on the housing and positioned on the
upstream side of the outlet aperture, wherein the valve member is arranged to
move reciprocally to selectively open and close the outlet aperture, thereby
controlling flow of the fluid through the outlet aperture; and

an input line defined in the valve core for introducing a fluid pressure into the
control volume, wherein the valve member is acted on by the fluid pressure in the

control volume to control the position of the valve member.

The present invention provides a device for controlling (e.g. acting to open or shut
off) the flow of fluid through a conduit (e.g. in which the device is placed). The flow
of fluid through the device is controlled between an upstream side of the device and
a downstream side of the device. The device is made up of three main parts, which
are formed separately as discrete components: an upstream valve casing, a
downstream valve casing and a valve core. These three parts are assembled and

secured together to form the device.

The upstream casing defines an (upstream) inlet into the device through which fluid
enters the device and the downstream casing defines a (downstream) outlet
aperture through which fluid exits the device. The upstream valve casing, the
downstream valve casing and the valve core thus together (when assembled) form

a flow path through the device from the upstream side to the downstream side.

The flow of fluid through the outlet aperture, and thus through the device from the
upstream side to the downstream side, is controlled by a valve member that is
movably mounted on a housing that is formed as part of the valve core. The valve
member is arranged in the device upstream of the outlet aperture (and thus

preferably the housing is also arranged upstream of the outlet aperture) and the
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valve member is arranged to move reciprocally on the housing of the valve core to

selectively open and close the outlet aperture.

The valve member is the movable part of the valve and, as discussed below, may
comprise a closure member arranged to engage with the outlet aperture and a
piston head that is acted on by the fluid pressure in the control volume. In this
arrangement, preferably the closure member and the piston head are kinematically
linked (e.g. connected) by a piston shaft (e.g. which are integrally formed together

as the valve member).

The housing (e.g. together with the valve member) defines a control volume. A fluid
pressure is introduced into the control volume through an input line defined in the
valve core (e.g. from a fluid pressure source external to the device). The control
volume fluid pressure acts on (e.g. a piston head of) the valve member, so that its

movement (and thus position) is controlled by the fluid pressure.

Thus it will be appreciated that the device (e.g. control valve) of the present
invention provides a fluid flow control device, the main structural (e.g. static)
components of which are three (primary) discrete components: the upstream and
downstream casings and the valve core. Such a split piece design is easier to
assemble because, in at least preferred embodiments of the present invention, the
valve member can be assembled to mount it on the housing of the valve core
before the valve core is secured to the upstream and downstream casings (which
then surround the valve core and valve member). This contrasts to a conventional
design with an integrally cast body in which the upstream and downstream casings
and the valve core are formed as one part which, in addition to making it
complicated to manufacture, means that the valve member has to be mounted
“blind” inside the integrally cast body. This imposes deleterious constraints on such
conventional devices. A split piece design therefore gives much greater design

freedom to the device as a whole and makes it easier to manufacture and maintain.

In addition to the split piece design, the valve member is actuated using a control
fluid, rather than conventional mechanically actuated devices that use mechanical
linkages that extend through the valve housing, core and/or casing to an external

actuator. Providing a fluid flow control device that does not rely on an external
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mechanical input simplifies the device owing, in at least preferred embodiments, to
the lack of mechanical linkages and gearings. This results in fewer ways in which

the device may fail.

Furthermore, using a fluid pressure to control the valve member, and removing the
need for a mechanical linkage, helps to reduce the overall size of the fluid flow
control system and its weight, and to reduce the likelihood of any fluid (e.g. oil or
gas) leakages from the conduit (e.g. a pipe), owing to the lack of a fluid path out of
the device via any mechanical linkages. This is very important in the oil and gas

industry where it is imperative to prevent leaks.

Using a fluid pressure to control the valve member also helps to provide a fast
acting, and thus responsive, fluid flow control device, and may allow higher forces

to be applied to the valve member.

The device may be suitable to be used in any type of fluid flow system, and thus
may be configured to be installed in any suitable and desired type of conduit. For
example, the device may be used in a conduit (e.g. pipeline) for conveying air,
water, oil, gas, chemical fluids, etc.. Thus the device may be configured to control

the flow of air, water, oil, gas, chemical fluids, etc., therethrough.

The device and the components thereof may be arranged in any suitable and
desired way. In a preferred embodiment the device comprises an axial flow device.
Thus preferably the inlet, the valve member and the outlet aperture (and preferably
also the housing) are arranged coaxially with respect to each other about an axis. In
a preferred embodiment the inlet, the valve member and the outlet aperture (and
preferably also the housing) are substantially rotationally symmetric about the axis.
Preferably the axis extends in a direction collinearly with the general (e.g. average)

direction of fluid flow through the outlet aperture.

Preferably the axis of the device is parallel to, e.g. collinear with, the axis of the
conduit (e.g. pipe) in which the device is arranged. It will be appreciated that this
arrangement allows the device to be easily fitted within an existing pipe, e.g.
inserted inside a pipe at a flange or even in a continuous section of pipework, as

the largest dimension of the device is likely to be in that in which the valve member
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moves. Therefore, no additional space may be required to house the device and it
can be retro-fitted rapidly and at low cost in most sections of pipework or at most
pipe joints without any significant alteration in the pipework. This contrasts to
conventional devices with large mechanical control linkages that may require the
pipework layout to be redesigned for the new flow control equipment to be

incorporated.

Devices in accordance the present invention can therefore significantly reduce the
cost and work required to incorporate them into an existing system. The
arrangements mentioned above, in particular, as well as other embodiments, also
allow devices in accordance with the present invention to facilitate very high mass
flows for a given conduit diameter and pressure compared to conventional
mechanically actuated axial flow devices. This creates a very flexible device which

can be used for many different applications.

The upstream casing preferably comprises a flange for mounting to a conduit, e.g.
using a flange bolt circle. Preferably the upstream casing comprises a flange for
mounting to the valve core, e.g. using a flange bolt circle. Preferably the flange(s)
extend radially from the upstream casing. Preferably the inner dimension (e.qg.
diameter) of the upstream casing at the flange for mounting to the valve core is
greater than the inner dimension (e.g. diameter) of the upstream casing at the

flange for mounting to the conduit.

The downstream casing preferably comprises a flange for mounting to a conduit,
e.g. using a flange bolt circle. Preferably the downstream casing comprises a flange
for mounting to the valve core, e.g. using a flange bolt circle. Preferably the
flange(s) extend radially from the downstream casing. Preferably the inner
dimension (e.g. diameter) of the downstream casing at the flange for mounting to
the valve core is greater than the inner dimension (e.g. diameter) of the

downstream casing at the flange for mounting to the conduit.

The valve core preferably comprises flanges for mounting to and securing between
the upstream and downstream casings, e.g. using a flange bolt circle. Thus, for

example, the valve core, comprising the housing with the valve member mounted
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thereon, is sandwiched between the upstream and downstream casings of the

device. Preferably the flange(s) extend radially from the valve core.

The upstream valve casing, the downstream valve casing and the valve core are
(each) formed as discrete parts. Thus preferably the device is manufactured in its
separate component parts (i.e. the upstream valve casing, the downstream valve
casing and the valve core, etc.) and then the device is assembled from these
discrete parts. Preferably, when assembling the device, first the valve member is
mounted on the housing, and then the downstream valve casing (and preferably
also the upstream valve casing) are connected and secured to the valve core, thus

surrounding the valve core, housing and valve member.

Preferably each of the upstream valve casing and the downstream valve casing are
integrally formed. Thus preferably the rim of the upstream valve casing forming the
inlet of the upstream valve casing is integrally formed with the rest of the upstream
valve casing (and not an insert which is attached as a separate part thereto).
Preferably the rim of the downstream valve casing forming the outlet aperture of the
downstream valve casing is integrally formed with the rest of the downstream valve

casing (and not an insert which is attached as a separate part thereto).

Preferably the dimension (e.g. diameter) of the outlet aperture (e.g. in a radial
direction perpendicular to the main axis of the device (and the outlet aperture) is
less than the (e.g. maximum) corresponding dimension (e.g. diameter) of the valve
housing (e.g. in a radial direction perpendicular to the main axis of the device (and
to the valve member)). Such an arrangement in which the valve housing is larger
than the outlet aperture (particularly in a device in which the outlet aperture is an
integral part of the downstream valve casing) means that while the valve housing
may have to be assembled (and, e.g. the valve member mounted on the housing)
prior to the downstream valve casing being attached to the valve core (e.g. because
the valve housing and, e.g. valve member, may be too large to be inserted and
assembled through the outlet aperture), the valve housing (and, e.g., valve
member) may be able to have a larger (relative) size than in conventional devices,
thus helping the device to allow a greater flow capacity (e.g. for a device of a

particular size) than conventional devices.
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The housing may be formed in any suitable and desired way as part of the valve
core. In some embodiments, at least part (e.g. all) of the housing is integrally
formed with the rest of the valve core (e.g. with the part of the valve core in which
the fluid input line is defined and which is secured between (e.g. contacts) the
upstream and downstream casings). In some embodiments, at least part (e.g. all) of
the housing is formed as a separate part from the rest of the valve core and is
attached thereto. Preferably, at least part of the part of the housing defining the
(e.g. upstream side of the) control volume may be formed as a separate part from
the rest of the valve core and attached to the rest of the (e.g. housing of the) valve
core to form the control volume. This may allow access to assemble the valve
member in the housing and then to attach this part (e.g. upstream side) of the

housing to enclose the control volume.

The fluid pressure in the control volume acts on the valve member. Preferably the
fluid pressure in the control volume acts directly on the valve member. Thus
preferably (e.g. a face of) the valve member defines (e.g. a wall of) the control
volume together with the housing. Preferably the valve member comprises a piston
head that is arranged to move within the control volume. Preferably the fluid
pressure acts on (e.g. a face of) the piston head. Preferably (e.g. a face of) the

piston head defines (e.g. a wall of) the control volume together with the housing.

The device may comprise a piston liner, arranged around (e.g. the piston head of)
the valve member. The piston liner may define (e.g. a boundary of) the control
volume. The piston liner may be mounted on the housing. It may be mounted on the
valve member. The piston liner may be arranged (e.g. radially) between the (e.g.
piston head of the) valve member and the housing. The piston liner may comprise a
hollow sleeve. The (e.g. piston head of the) valve member may be arranged to

move longitudinally within the piston liner.

Preferably the piston liner and the housing are discrete components. Providing a
separate piston liner may help to reduce the complexity of manufacturing. The
piston liner may at least partially define the control volume. If the control volume is
defined by the piston liner, rather than the housing, then it is possible that the
housing may be manufactured to a lower tolerance, thus helping to reduce

manufacturing time and costs.
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The piston liner may be replaceably mounted. This means that the piston liner can
be removed and replaced if it becomes worn or damaged, which can increase the

service life of the device.

The valve member, which is movably mounted on the housing and positioned on
the upstream side of the outlet aperture, may be arranged in the device in any
suitable and desired way in which it achieves its purpose of moving in a reciprocal
manner to open and close the outlet aperture, to thereby control flow of the fluid
10 through the outlet aperture. As the valve member is positioned on the upstream
side of the outlet aperture and mounted on the housing, preferably the housing is

also positioned on the upstream side of the outlet aperture.

In a preferred embodiment the valve member is mounted (e.g. coaxially) on the

15 inside of the housing. Thus preferably the valve member is arranged to move (e.g.
axially) out from the housing towards the outlet aperture to close the outlet aperture
and arranged to move (e.g. axially) into the housing towards the outlet aperture to

open the outlet aperture.

20 Preferably the valve member is arranged to be movably mounted such that it comes

into contact with the downstream casing (e.g. the rim of the outlet aperture) to close
the outlet aperture. Preferably the valve member comprises a closure member
arranged to engage with the downstream casing (e.g. the rim of the outlet aperture)

to close the outlet aperture. Preferably the closure member is attached to the piston

25 of the valve member.

Preferably the closure member is cylindrical, e.g. with a circular cross section, and,
e.g., having an axis of symmetry (along which the cross-sectional shape of the

cylinder is projected and the closure member moves) along the main axis of the

30 device. Thus preferably the closure member comprises a cylindrical sleeve

mounted on the housing of the valve core and attached to the rest of the valve
member. As above, preferably the dimension (e.g. diameter) of the outlet aperture
(e.g. in a radial direction perpendicular to the main axis of the device (and the outlet

aperture) is less than the (e.g. maximum) corresponding dimension (e.g. diameter)
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of the valve housing (e.g. in a radial direction perpendicular to the main axis of the

device (and the valve housing).

Preferably the closure member engages with the downstream casing around an
annulus at the distal (downstream) end of the closure member. Thus preferably the
closure member comprises a (e.g. annular) seal at (e.g. around) the distal
(downstream) end of the closure member, for sealing against the downstream
casing. The downstream casing may comprise a (e.g. hardened metal) detachable
rim against which the closure member is arranged to engage (and thus seal
against). In this embodiment the closure member engages with and seals against
the detachable rim rather than the main body of the downstream casing. Providing
a detachable rim as an insert for the valve seat enables a different (e.g. hardened)
material to be provided which is more suitable for such a high wear region and also

allows the detachable rim to be removed and replaced, when necessary.

Preferably the closure member comprises an end face at the distal (downstream)
end of the closure member. Preferably the end face is substantially perpendicular to
the axis of symmetry of the closure member (e.g. lies in the radial direction of the
device). Preferably the closure member is attached to the rest of the valve member

(e.g. to the piston of the valve member) via the end face of the closure member.

Preferably the end face of the closure member comprises one or more apertures
formed therein to allow fluid in the conduit (e.g. from the downstream side) to pass
therethrough (e.g. into the housing but preferably not through to the upstream side
of the device). This helps to pressure balance the valve member, e.g. so that the
upstream pressure in the conduit does not apply any significant opening or closing
forces on the closure member and valve member, and does not, in at least some
embodiments, act to apply any forces on the valve member when there are
changes in the upstream pressure in the conduit. As will be discussed below, the
aperture(s) formed in the end face of the closure member also allows the
downstream pressure in the conduit to act on the (e.g. piston head of the) valve

member, e.g. in addition to the control fluid pressure.

The fluid pressure may be introduced through the input line in the valve core into

the control volume in any suitable and desired way. In a preferred embodiment the
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device comprises a fluid pressure control system for supplying a fluid through the
input line into the control volume to provide the fluid pressure in the control volume
to act on the valve member. Preferably the fluid pressure control system is
arranged to control (e.g. set) the fluid pressure in the control volume, i.e. to control

the position of the valve member.

The fluid pressure control system may be provided in any suitable and desired way.
Preferably the fluid pressure control system comprises a source of fluid. The source
of fluid may be provided locally to (and, e.g., dedicated (e.g. solely) to) the device or
the source of fluid may comprise a (e.g. distributed) fluid line into which the device

is plumbed.

Preferably the fluid pressure control system comprises a pump fluidly connected to
the input line (and, e.g. to the source of fluid), wherein the pump is arranged to
control the (e.g. volumetric rate of) fluid input into (or removed from) the control
volume (i.e. in order to control the fluid pressure in the control volume and thus the
position (and, e.g., rate of movement) of the valve member). The device may
comprise its own (e.g. dedicated) pump, e.g. when the source of fluid is provided
locally to the device. Alternatively, e.g. when the device is plumbed into a fluid line,
the fluid line may comprise a pump for the whole of the fluid line and thus the

device may not comprise a separate pump.

Preferably the fluid pressure control system comprises an electronic control
arranged to control the operation of the pump. In one embodiment the electronic
control may simply comprise a (e.g. manually operated) switch. In other
embodiments, e.g. when the fluid pressure control system receives input(s) from
sensor(s), the electronic control may comprise a processing circuit arranged to

control the operation of the pump (e.g. in response to the input(s)).

The electronic control may be provided locally to the device (e.g. when the pump is
manually operated). In one embodiment the electronic control is remote from the

device, e.g. in a control room.

The (e.g. electronic control of the) fluid pressure control system may receive (and

thus the device may comprise) one or more inputs, e.g. which the fluid pressure
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control system uses to control (e.g. set) the fluid pressure in the control volume
(e.g. by the electronic control controlling operation of the pump to set the fluid

pressure).

For example, the device may comprise an upstream pressure sensor arranged to
determine the pressure in the conduit upstream of the device and/or a downstream
pressure sensor arranged to determine the pressure in the conduit downstream of
the device. Preferably the upstream pressure sensor and/or the downstream
pressure sensor are connected to the fluid pressure control system (and thus
preferably the fluid pressure control system is arranged to receive the determined
upstream pressure and/or downstream pressure from the upstream pressure
sensor and/or the downstream pressure sensor respectively). Preferably the fluid
pressure control system uses the upstream and/or downstream pressure of the fluid
in the conduit (e.g. as determined by and received from the upstream pressure
sensor and/or the downstream pressure sensor respectively) to control the fluid

pressure in the control volume (to thus control the position of the valve member).

Preferably the device comprises a position sensor (e.g. comprising a control unit)
arranged to determine (e.g. detect) the position of the valve member (e.g. relative to
the housing and/or the outlet aperture). This helps the device to position the valve
member as desired, using the fluid pressure in the control volume, to control the

flow of fluid through the device.

The position sensor may comprise a magnetic field sensor. The device may
comprise a magnet mounted such that it is displaced by the movement of the valve
member in the same direction of the valve member. The magnetic field sensor may
mounted on the housing, e.g. in a fixed position relative to the outlet aperture, such
that the magnet is moved by the valve member relative the magnetic field sensor.
The magnetic field sensor may be arranged to detect the changes in the magnetic
field it experiences from the magnet as it moves relative to sensor, which allows the

position of the valve member to be determined.

The position sensor may comprise multiple magnetic field sensors. It will be
appreciated that by providing multiple magnetic field sensors, a more accurate

determination of the position of the valve member may be made (e.g. owing to the
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more accurate measurement of the movement of the magnetic field of the magnet
that may be made). This may be performed in a more economical way than by
using a multiple axis magnetic field sensor. Furthermore, in at least preferred
embodiments, providing multiple magnetic field sensors may allow the
measurements to be automatically calibrated for changes (e.g. degradation) of the

magnetic field of the magnet with time and/or temperature.

The magnet may be mounted on or relative to the valve member. The magnet may
comprise any suitable and desired magnet. Preferably the magnet comprises a
permanent magnet. Preferably the device comprises a sheath surrounding the
magnet. The sheath helps to protect the magnet, which may be quite brittle. The
sheath may help to avoid contact of the magnet with the working fluid of the device
(i.e. the fluid flowing through the conduit whose flow is being controlled). This may
be required, for example, when the device is used in the water industry, for
regulatory approval. The sheath may also help to reduce the friction of the magnet

as it is displaced.

Preferably the magnet is longitudinally extended (i.e. having a length greater than

its width (e.g. diameter)), e.g. in the direction in which the valve member (and thus
the magnet) is arranged to be displaced. Preferably the magnet is cylindrical, e.qg.

being longitudinally extended in the direction in which the cross-section of the

cylinder is projected (along the length of the cylinder).

The magnet may be mounted on or relative to the valve member in any suitable and
desired way. In a preferred set of embodiments, the magnet is mounted such that
the magnet retains the same circumferential and/or radial position (e.g. relative to
the housing and/or axis of the device) when the magnet is displaced by the valve
member, e.g. even when the valve member rotates (circumferentially) relative to the

housing.

The magnet retaining the same circumferential and/or radial position during
operation helps to maintain the same positional relationship between the magnet
and the magnetic field sensors (apart from the intended (e.g. axial) displacement of
the magnet with the valve member) and thus maintains a consistent environment

for (e.g. the (e.g. non-ferrous) material (such as plastic or metal) of the device
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between) the magnet and the magnetic field sensors. This helps the position of the
valve member to be determined accurately, e.g. even when the valve member
rotates (circumferentially) relative to the housing (which can be common during
operation), because the magnetic field strength and angle experienced by the
magnetic field sensors does not vary with rotation of the valve member.
Furthermore, the fixed circumferential and/or radial position helps to preserve the
magnetic field angle experienced by the magnetic field sensors as the magnet

deteriorates.

In one set of embodiments, the magnet is mounted (directly) on (i.e. attached to)
the valve member, e.g. such that the magnet is fixedly (e.g. rigidly) connected to the
valve member. Thus the movement of the magnet corresponds directly to the
movement of the valve member. The magnet may be mounted along the axis of the
valve member, e.g. within a piston shaft of the valve member (locating the magnet
within the valve member helps to isolate the magnet from the working fluid of the
fluid flow control device). Thus, for example, the magnet is longitudinally extended
along the axis of the valve member. The magnet may comprise an annular (e.g.
circumferentially symmetric) magnet, e.g. mounted around the (e.g. axis of the)
valve member. Providing a magnet at the central axis of the valve member or
circumferentially extending around the central axis of the valve member helps to

retain the magnet at the same circumferential and radial position.

In one set of embodiments the magnet is mounted relative (but not necessarily
attached) to the valve member. Thus preferably the magnet is discrete (i.e. a
separate component) from the valve member. Preferably the magnet is acted on by
the valve member such that it is displaced by the valve member in the same

direction as the displacement of the valve member.

In some embodiments the magnet may be acted on directly by the valve member,
e.g. the valve member may contact the magnet directly. In some embodiments the
magnet may be acted on indirectly by the valve member, e.g. the valve member
may not contact the magnet directly. Instead, the valve member may act on a
sheath around the magnet or on another component between the valve member

and the magnet.
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In one embodiment, the fluid flow control device comprises a spacer between the
valve member and the magnet, wherein the valve member is arranged to displace
(e.g. directly contact) the spacer so to displace the magnet (e.g. the spacer may in
turn contact the magnet (or its sheath) directly). A spacer may be used to help to

position the magnet relative (e.g. closer) to the magnetic field sensors.

In one set of embodiments (e.g. when the magnet is not attached to or integral with
the valve member) the magnet is biased towards the valve member. Preferably the
fluid flow control device comprises a biasing member (e.g. a (e.g. compression)
spring) arranged to bias the magnet towards the valve member. Preferably the
magnet is located between the valve member and the biasing member. Biasing the
magnet towards the valve member helps to maintain the same (e.g. axial) position
of the magnet relative to the valve member (e.g. to keep the magnet (or the sheath

or the spacer) in contact with the valve member).

Preferably the biasing member is arranged to (e.g. exert a sufficient biasing force
against the magnet to) maintain the magnet (or the sheath or the spacer) in contact
with the valve member. However, preferably the biasing force exerted by the
biasing member on the valve member (e.g. via the magnet) is negligible (e.g. about
1% of) compared to the other forces acting on the valve member, e.g. from the
(upstream or downstream) fluid pressure of the working fluid, from a control
pressure of a control fluid acting on the valve member and/or from a spring force of

a (main) biasing spring acting on the valve member.

In one set of embodiments (e.g. when the magnet is not (rigidly) attached to or
integral with the valve member) the fluid flow control device comprises a (e.qg.
longitudinally extended, e.g. in the axial direction) cavity in which the magnet is
located and arranged to be displaced. Preferably the biasing member is located in
the cavity, e.g. the magnet is located between the valve member and the biasing

member. Preferably the biasing member is made from a non-ferrous material.

Preferably, when the magnet is located within a cavity, the cavity comprises a
pressure balancing aperture. This is provided to help any build-up of unwanted
pressure within the cavity to be vented, e.g. to a control space (within the device)

with which the cavity is fluidly connected via the pressure balancing aperture.



CA 03103757 2020-12-14

WO 2020/193968 PCT/GB2020/050784

10

15

20

25

30

-15 -

The displacement of the magnet in the direction towards the valve member may be
restricted by a retaining feature of the magnet assembly and/or the valve housing.
Preferably the magnet comprises one or more grooves which extend axially along
the magnet and the valve housing comprises a stopping member protruding from
the valve housing (e.g. partially over the entrance to the cavity), wherein the
stopping member is arranged to project into the one or more grooves. Preferably
the stopping member is complementary to the one or more grooves, e.g. such that
the stopping member runs in the one or more grooves during displacement of the
magnet and such that the stopping member abuts the end of the groove at the
desired (e.g. maximum) displacement of the magnet, thereby halting the
displacement of the magnet and retaining it in the cavity. Preferably the
engagement of the stopping member with the one or more grooves prevents
rotation of the magnet, such that circumferential asymmetry of the magnetic field
does not affect the accuracy of the position measurement. Preferably the stopping
member is arranged to engage with the end of the one or more grooves (e.g. only)
when the valve member is removed from the valve housing. Thus, in at least
preferred embodiments, during normal operation of the fluid flow control device, the
displacement of the magnet is such that the stopping member does not act to

restrict displacement of the magnet.

The magnet may be mounted relative to the valve member (and thus, for example,
the cavity may be formed) in any suitable and desired part of the fluid flow device.
Preferably the magnet is movably mounted on the (e.g. valve core of the) housing.
Preferably the cavity is formed in the (e.g. valve core of the) housing. Preferably the
(e.g. sheath of the) magnet (or, e.g., the cavity) is exposed to the working fluid (and
thus, for example, the operating pressure of the fluid) flowing through the fluid flow

control device.

Preferably the magnet is (e.g. movably) mounted at a position that is radially offset
from the central axis of the fluid flow control device (and thus the valve member).
This may help to position the magnet closer (e.g. radially) to the magnetic field
sensors. When the magnet is mounted relative to (and thus not on) the valve

member, preferably it is mounted (e.g. in the cavity) such that it retains its
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circumferential and/or radial position, e.g. even when the valve member rotates

circumferentially.

In one embodiment, the valve member comprises an (e.g. circumferentially
extended) annular groove for receiving (e.g. locating) the end of the magnet (or the
sheath or the spacer). The end of the magnet (or the sheath or the spacer) thus
preferably comes into contact with (and is thus moved by) the valve member in the
annular groove. The groove helps to maintain the radial position of the magnet
while allowing the valve member to rotate, e.g., circumferentially (and thus helps to
magnet to maintain its circumferential position even when the valve member, and

thus the magnet, is being moved in an axial direction).

The magnet may be any suitable and desired size. Preferably the magnet has a
length (e.g. in the axial direction) that is greater than the maximum (e.g. axial)
displacement of the valve member. This helps to provide a (e.g. axial) position on
the (e.g. housing of the) fluid flow control device at which the magnet overlaps at all
(e.g. axial) displacements of the valve member (and thus the magnet). Preferably
the length of the magnet is greater than or equal to the sum of the maximum (e.g.
axial) displacement of the valve member and the (e.g. axial) spread of the magnetic
field sensors. This allows the magnetic field sensors to be (and in an embodiment
they are) positioned such that they overlap with the magnet at all (e.g. axial)

displacements of the valve member.

The plurality of magnetic field sensors may be mounted at the plurality of different
positions on the valve housing in any suitable and desired way. In one embodiment
the plurality of magnetic field sensors are mounted on an outer casing of the valve
housing. This allows easy access to the magnetic field sensors, e.g. for attaching
readout wiring thereto. In a preferred set of embodiments, the plurality of magnetic
field sensors are mounted on or in the valve core of the housing. This may allow the

magnetic field sensors to be located close to the magnet.

For example, when the magnet is movably mounted in (e.g. the valve core of) the
housing, the plurality of magnetic field sensors may be located very close to the
magnet. This helps to reduce the amount of material between the magnet and the

magnetic field sensors, which helps to allow the magnetic field sensors to make an
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accurate measurement of the magnetic field of the magnet, e.g. owing to the
increased linearity and gradient of the magnetic field strength experienced by the
magnetic field sensors. In one embodiment, the magnetic field sensors are
mounted within 30 mm of the magnet (e.g. in the radial direction), e.g.

approximately 20 mm from the magnet.

In one embodiment the (e.g. valve core of the) valve housing comprises one or
more cavities in which the magnetic field sensors are located. The plurality of
magnetic field sensors may be arranged in the same cavity or in a plurality of

respective cavities.

Preferably the magnetic field sensors (and thus, for example, the one or more
cavities for the magnetic field sensors) are arranged at (e.g. exposed to)
atmospheric pressure. Preferably the magnetic field sensors are isolated from (i.e.
not exposed to) the (e.g. fluid pressure of the) working fluid of the fluid flow control
device, e.g. owing to where on or in the valve housing they are mounted. This
allows the magnetic field sensors (and, e.g., any associated electronics) to operate
in a relatively safe environment and be accessed relatively easily. The magnetic

field sensors may, for example, not require complicated sealing mechanisms.

In a preferred set of embodiments, the plurality of magnetic field sensors are fixedly
(e.g. rigidly) mounted on the valve housing. Providing static magnetic field sensors

helps, for example, to simplify any connecting wiring and/or electronics. It may also
allow static seals (which are relatively simple and safe, e.g. compared to dynamic

seals) to be used to seal the magnetic fields sensors in the housing.

The plurality of magnetic field sensors may be provided at a plurality of different
(respective) positions in any suitable and desired way, e.g. so that they experience
different magnetic field strength of the magnet from each other. In one embodiment
the plurality of magnetic field sensors are radially spaced from each other.
Preferably the plurality of magnetic field sensors are axially spaced from each
other. In other embodiments the magnetic field sensors are angled between the
radial and axial directions. Preferably the magnetic field sensors are angled so that
the radial field lines from the magnet cut through the tops of the magnetic (e.g. Hall

effect) sensors.
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The plurality of magnetic field sensors may be spaced from each other by mounting
them on a plurality of different (respective) substrates (e.g. printed circuit boards),
e.g. for locating them in a plurality of different cavities in the valve housing.
Alternatively, the plurality of magnetic field sensors are mounted, but spaced from
each other, on the same substrate (e.g. printed circuit board), e.g. for locating the

magnetic field sensors in the same cavity.

Thus, as appropriate, the one or more cavities may be longitudinally extended, e.g.
radially or axially. For example, when the plurality of magnetic field sensors are
located in the same cavity, the cavity may extend longitudinally in the axial direction
(and thus the magnetic field sensors may be spaced axially from each other). Or,
for example, when the plurality of magnetic field sensors are located in a plurality of
cavities, the cavities may be spaced axially from each other (e.g. at the same

circumferential position) but extend radially.

The plurality of magnetic field sensors may be spaced from each other by any
suitable and desired distance. Preferably the magnetic field sensors are positioned
on the valve housing within the maximum (e.g. axial) displacement of the magnet,
e.g. when the magnetic field sensors are axially spaced from each other. This
allows the magnetic field sensors to overlap with the magnet at all displacements of
the magnet. However, in embodiments wherein the magnetic field sensors are

multiple axis sensors, it may be possible to use a smaller magnet.

The magnetic field sensors may be any suitable and desired type of magnetic field
sensors. In one set of embodiments the magnetic field sensors comprise a plurality
of magnetic Hall effect sensors. The magnetic field sensors may comprise multiple
axis sensors. The multiple axis sensors may be configured to determine the
magnitude of the magnetic field in two (e.g. horizontal and vertical) axes. A
magnetic field angle may be calculated from the output of the single or multiple axis
magnetic field sensors. However, the magnetic field sensors may comprise (e.qg.
cheaper) magnetic field angle or single axis sensors. A position of the valve
member may be determined by (e.g. the control unit of) the position sensor from a
calculated or a measured magnetic field angle. Using a magnetic field angle to

determine the position of the valve member, rather than a magnitude of the
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magnetic field, can improve the range of displacements of the valve member that
may be determined. Furthermore, the determination may be independent of

fluctuations in temperature.

In one embodiment, the magnetic field sensors may comprise Hall effect switches
(e.g. instead of or in addition to other magnetic field sensors). The Hall effect
switches are preferably positioned on the valve housing at or outside the maximum
(e.g. axial) displacement of the magnet (e.g. in either direction). The Hall effect
switches may thus use the discontinuity in the magnet field of the magnet to detect
that the magnet has reached its maximum (e.g. axial) displacement (in either
direction). Using Hall effect switches in this way may be suitable for an on-off or
shut-off valve, or to calibrate the measurements from the (e.g. intermediately

positioned) other magnetic field sensors.

The fluid flow control device may comprise any suitable and desired number of
magnetic field sensors. In a preferred set of embodiments, the fluid flow control
device comprises two or more magnetic field sensors, e.g. three or more magnetic
field sensors. Having three or more magnetic field sensors provides some

redundancy, e.g. were one of the sensors to stop working.

In a preferred set of embodiments, the position sensor comprises a control unit
arranged to receive an output (e.g. a measurement of the magnetic field (e.qg.
strength and/or angle) of the magnet) from the magnetic field sensors. The control
unit may be connected via a wired or wireless connection to the magnetic field
sensors. Preferably the control unit is arranged to determine the position of the
valve member, from the output received from the magnetic field sensors. Preferably
the control unit comprises processing circuitry arranged to receive the output
received from the magnetic field sensors and to calculate the position of the valve
member from the measured magnetic field (e.g. strength and/or angle). Preferably
the processing circuitry is arranged to perform one or more (e.g. all) of the functions

of the control unit, as appropriate.

The position of the valve member may be determined in any suitable and desired
way. Measuring the position of the valve member helps to provide reassurance

(e.g. to a user) that a valve aperture is fully open or fully closed, as desired. The
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position of the valve member may be used to determine the amount by which the
valve member is throttling the flow of fluid through the valve aperture. This, in turn,
may allow the valve member to be positioned in a particular position, e.g. to deliver
a desired amount of throttling. The position of the valve member may be used to
allow the flow rate through the fluid flow control device to be determined (or
estimated). The position of the valve member may be used as part of health checks

and/or condition monitoring of the fluid flow control device.

In a preferred set of embodiments, the determined position of the valve member is
used as part of a (e.g. active) feedback control loop. Thus preferably the (e.g.
control unit of the) position sensor is arranged to control operation of the fluid flow
control device using the determined position of the valve member, e.g. to position
the valve member at a particular position. This may be done in any suitable and
desired way, e.g. owing to the type of fluid flow control device being used. For
example, the (e.g. control unit of the) position sensor may (e.g. control a pilot valve
to) set a control pressure in the fluid flow control device (e.g. using the determined

position of the valve member) to displace the valve member to a particular position.

Thus preferably the (e.g. control unit of the) position sensor is connected to the
(e.g. electronic control of the) fluid pressure control system (and thus preferably the
fluid pressure control system is arranged to receive the determined position of the
valve member from the (e.g. control unit of the) position sensor). Preferably the
(e.g. electronic control of the) fluid pressure control system uses the position of the
valve member (e.g. as determined by and received from the (e.g. control unit of the)
position sensor) to control the fluid pressure in the control volume (e.g. by the
electronic control operating the pump to set the fluid pressure). This allows the
position of the valve member to be actively adjusted, so that, for example, that the
fluid flow control valve may be controlled to operate in a particular way, e.g. at a

constant flow rate.

In a preferred set of embodiments, the (e.g. control unit of the) position sensor is
arranged to perform error minimisation on the output from the magnetic field
sensors to determine the position of the valve member. The error minimisation
exploits the multiple measurements from the multiple magnetic field sensors and

helps to account for any changes of the magnet with temperature or time.
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Furthermore, depending on the error minimisation algorithm used, the temperature
and/or the magnetisation of the magnet may also be determined (and thus in an
embodiment the (e.g. control unit of the) position sensor is arranged to determine
the temperature and/or the magnetisation of the magnet using the output from the
magnetic field sensors).

The fluid in the control volume could be any suitable and desired fluid, e.g. a liquid
(thus applying a hydraulic pressure) or a gas (thus applying a pneumatic pressure).
The choice of fluid to use may depend on the desired operation of the device and
the fluid pressure that is to be provided. Preferably the “control” fluid in the control
volume comprises a fluid that is less damaging environmentally than the fluid
flowing in the conduit that is being controlled by the device. It will be appreciated
that the control fluid is likely to have a limited volume (e.g. compared to the volume
of fluid flowing through the conduit) and so if this leaks, the environmental damage

this causes may be minimised.

The fluid to introduce into the control volume could be taken from the fluid in the
conduit whose flow is being controlled by the device. However, in a preferred
embodiment the device is configured to keep the fluid in the conduit (whose flow is
being controlled by the device) separate from the fluid in the control volume. This
helps to reduce contamination (in either direction) between the control fluid and the
line fluid (the fluid in the conduit).

Preferably the fluid in the control volume (and the input line) is isolated from the
fluid in the conduit. Thus preferably the control volume and the input line are
sealed, e.g. from the fluid in the conduit. Preferably the device comprises one or
more seals for sealing the control volume, e.g. between the valve member (e.g. the
part of the valve member which moves in the control volume, e.g. the piston head)
and the housing (e.g. the part thereof which defines the control volume). The

seal(s) may be provided on the housing and/or on the valve member.

In some embodiments the device comprises a (e.g. compression) spring (e.g. within
the housing) arranged to act on the valve member (i.e. in addition to the fluid
pressure). It will be appreciated that the split piece nature of the device is
particularly convenient for including and assembling a spring in the device, as the

spring may be (and preferably is) assembled with the valve member and the
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housing, before the valve core is secured between the upstream and downstream

casings.

The spring may be arranged to act on any suitable and desired part of the valve

member, and in any suitable and desired direction. Preferably (e.g. when the fluid
pressure acts on only one side of the valve member) the spring is arranged to act
on the valve member in the opposite (e.g. axial) direction to the direction in which
the fluid pressure acts on the valve member. Thus preferably the valve member is
acted on by (at least) the fluid pressure and the spring force to control the position

of the valve member.

In one embodiment the spring is arranged to act to bias the valve member in the
downstream direction (i.e. to bias the valve member towards closing the outlet
aperture). Preferably, in this embodiment, the spring is located between (and thus
engages and exerts a force against) the housing of the valve core and the closure

member.

In one embodiment the spring is arranged to act to bias the valve member in the
upstream direction (i.e. to bias the valve member towards opening the outlet
aperture). Preferably, in this embodiment, the spring is located between (and thus
engages and exerts a force against) the housing of the valve core and the piston

head of the valve member.

The device may be arranged to have defined operating characteristics, e.qg.
particularly with regard to its “fail safe” mode of operation. This is preferably to
provide the device with a defined mode of operation in the event of a loss of (or
significant reduction in) the fluid pressure. This may be caused, for example, by a
loss of power to the device (e.g. to the fluid pressure control system) or by a leak of
the control fluid from the control volume (e.g. owing to a failure of a seal for the
control volume). In the former situation, the fluid pressure in the control volume is
likely to be reduced to below the pressure acting on the valve member in the
opposite direction. In the latter situation, the leak of the control fluid is likely to lead
to the equalisation of the fluid pressure acting on the valve member in each
direction. In these situations, the failure mode of the valve may also depend on

whether the device comprises a spring acting on the valve member.
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In one embodiment, in a “fail closed” design, the device is configured to (e.g. move
the valve member to) close the outlet aperture when there is a loss of (or significant

reduction in) the fluid pressure.

In one embodiment, in a “fail open” design, the device is configured to (e.g. move
the valve member to) open the outlet aperture when there is a loss of (or significant

reduction in) the fluid pressure.

When the device is configured to fail closed or open, preferably the valve member

is biased (e.g. by a spring) in the downstream or upstream direction respectively.

In one embodiment, in a “fail in position” design, the device is configured to retain
the valve member in the same position when there is a loss of (or significant
reduction in) the fluid pressure (i.e. in the position the valve member is in when the

loss of fluid pressure occurs).

Such “fail safe” modes of operation may be chosen depending on the operating

requirements of the system in which the device is installed.

In one set of (e.g. “fail closed”) embodiments, the control volume is arranged such
that the fluid pressure acts to bias (and thus move) the valve member in the
upstream direction (i.e. to open the outlet aperture), e.g. such that the fluid pressure
acts on a downstream face of the (e.g. piston head of the) valve member. Thus, in
the event of a loss of fluid pressure, the valve member experiences a drop in the
pressure acting on it that would ordinarily bias it in the upstream direction, thus
preferably moving the valve member in the downstream direction to close the valve

aperture.

In this set of embodiments, preferably the device (e.g. the housing and valve

member) is arranged such that the downstream pressure of the fluid in the conduit
acts to bias (and thus move) the valve member in the downstream direction (i.e. to
close the outlet aperture) (e.g. differentially with the control fluid pressure acting in
the opposite direction on the valve member). Preferably the valve member is acted

on by the downstream pressure in the conduit and the fluid pressure in the control
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volume so as to be moved (inter alia) by the difference between these pressures to

control the position of the valve member.

Preferably an upstream face of the (e.g. piston head of the) valve member is
exposed to the downstream pressure, e.g. such that the downstream pressure acts
on the upstream face of the (e.g. piston head of the) valve member. Thus, in the
event of a loss of fluid pressure, the downstream pressure acts on the valve
member to move the valve member in the downstream direction to close the valve

aperture.

Preferably the housing comprises a channel from the downstream side of the
housing (and, e.g., the valve member) that is fluidly connected to the upstream face
of the (e.g. piston head of the) valve member. This provides a fluid route through for
the downstream pressure to act on an upstream face of the valve member.
Preferably, when the closure member of the valve member comprises aperture(s)
therethrough, the aperture(s) are fluidly connected, e.g. via a channel, to the
upstream side of the (e.g. piston head of the) valve member. Thus, even when the
valve member has (e.g. fully) closed the outlet aperture, the downstream pressure

can act on the upstream face of the valve member.

Preferably, when the device comprises a spring, the spring is arranged to act to
bias the valve member in the downstream direction (i.e. to bias the valve member
towards closing the outlet aperture). Thus preferably the spring acts on the valve
member, along with the downstream pressure, to bias the valve member in the
downstream direction against the control fluid pressure, such that the valve member
closes the outlet aperture in the event of a loss of (or significant drop in) the control

fluid pressure.

In one set of (e.g. “fail open”) embodiments, the control volume is arranged such
that the fluid pressure acts to bias (and thus move) the valve member in the
downstream direction (i.e. to close the outlet aperture), e.g. such that the fluid
pressure acts on an upstream face of the (e.g. piston head of the) valve member.
Thus, in the event of a loss of fluid pressure, the valve member experiences a drop

in the pressure acting on it that would ordinarily bias it in the downstream direction,
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thus preferably moving the valve member in the upstream direction to open the

valve aperture.

In this set of embodiments, preferably the device (e.g. the housing and valve
member) is arranged such that the downstream pressure of the fluid in the conduit
acts to bias (and thus move) the valve member in the upstream direction (i.e. to
open the outlet aperture) (e.g. differentially with the control fluid pressure acting in
the opposite direction on the valve member). Preferably a downstream face of the
(e.g. piston head of the) valve member is exposed to the downstream pressure, e.g.
such that the downstream pressure acts on the downstream face of the (e.g. piston
head of the) valve member. Thus, in the event of a loss of fluid pressure, the
downstream pressure acts on the valve member to move the valve member in the

upstream direction to open the valve aperture.

Preferably the housing comprises a channel from the downstream side of the
housing (and, e.g., the valve member) that is fluidly connected to the downstream
face of the (e.g. piston head of the) valve member. This provides a fluid route
through for the downstream pressure to act on a downstream face of the valve
member. Preferably, when the closure member of the valve member comprises
aperture(s) therethrough, the aperture(s) are fluidly connected, e.g. via a channel,
to the downstream side of the (e.g. piston head of the) valve member. Thus, even
when the valve member has (e.g. fully) closed the outlet aperture, the downstream

pressure can act on the downstream face of the valve member.

Preferably, when the device comprises a spring, the spring is arranged to act to
bias the valve member in the upstream direction (i.e. to bias the valve member
towards opening the outlet aperture). Thus preferably the spring acts on the valve
member, along with the downstream pressure, to bias the valve member in the
upstream direction against the control fluid pressure, such that the valve member
opens the outlet aperture in the event of a loss of (or significant drop in) the control

fluid pressure.

In one set of (e.g. “fail in position”) embodiments, the device comprises two control
volumes. Preferably the device comprises two (e.qg. fluidly separate) input lines

defined in the valve core for introducing fluid pressures into the two control volumes
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respectively. Preferably the valve member is acted on by the difference in the fluid

pressures in the two control volumes to control the position of the valve member.

Preferably the device comprises a fluid pressure control system for (e.qg.
independently) supplying a fluid through the two input lines into the two control
volumes respective to provide the fluid pressures in the respective control volumes
to act on the valve member. Thus each input line and control volume may have fluid
supplied thereto by a separate control system or the same control system may be
arranged to supply fluid to both input lines and respective control volumes, e.g.
independently. Preferably the fluid pressure control system is arranged to control
(e.g. set) the fluid pressure in each of the control volumes, i.e. to control the

position of the valve member.

One of the control volumes is preferably arranged such that the fluid pressure acts
to bias (and thus move) the valve member in the upstream direction (i.e. to open
the outlet aperture), e.g. such that the fluid pressure acts on a downstream face of
the (e.g. piston head of the) valve member. The other of the control volumes is
preferably arranged such that the fluid pressure acts to bias (and thus move) the
valve member in the downstream direction (i.e. to close the outlet aperture), e.g.
such that the fluid pressure acts on an upstream face of the (e.g. piston head of
the) valve member. Thus, in the event of a loss of fluid pressure, the valve member
experiences a drop in the pressure acting on both of its sides. The valve member is
thus preferably arranged to remain in the position when the loss of fluid pressure

occurred.

In this set of embodiments, preferably the device (e.g. the housing and valve
member) is arranged such that the downstream pressure of the fluid in the conduit
does not act to bias the valve member. Preferably the closure member of the valve
member is pressure balanced, e.g. preferably the closure member comprises
aperture(s) therethrough. This means that although the closure member may be
exposed to the downstream pressure of the fluid in the conduit, this does not cause
a net force to act in either the upstream or downstream direction on the valve

member.
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In these embodiments, the device may comprise a spring, wherein the spring is
arranged to act to bias the valve member in either the upstream or the downstream
direction. Such an arrangement may therefore be arranged to bias the valve
member in the upstream or the downstream direction respectively, e.g. in order to
move the valve member into the fully closed or fully open position when there is a

loss of fluid pressure in both the control volumes.

In the above embodiments the device may be (and preferably is) operated simply
as an on-off valve, e.g. using the control fluid pressure to move the valve member
to open or close the outlet aperture. However, it will be appreciated that the fluid
pressure may be controlled to move the valve member into a position between its
fully open and its fully closed configurations. The device may then be operated as a

control valve.

In some embodiments the device is adapted further to help it to control the flow of
fluid therethrough with more fine control than simply having the valve member open
or closed. In a preferred embodiment the device comprises a cage that extends
across the flow path between the housing and the outlet aperture, wherein the cage
comprises a plurality of apertures (e.g. holes or slots) to allow fluid to flow through.
Preferably the cage is arranged such that movement of the valve member
selectively allows fluid to flow through a lesser or greater proportion of the plurality
of apertures in the cage. This acts to throttle the flow of fluid through the device
(and thus through the outlet aperture), therefore helping to control the flow of fluid

through the device.

The cage (e.g. a valve trim) may be provided in any suitable and desired way to
control the flow of fluid therethrough according to the movement and position of the
valve member. In one embodiment the cage is attached to (and, e.g., projects from)
the valve member. Therefore, preferably, as the valve member moves towards and
away from the outlet aperture, a lesser or greater (respectively) number of
apertures in the cage are exposed to the flow path through the device, thus

controlling the flow of fluid through the outlet aperture.

In one embodiment the cage is attached to (and, e.g., extends between) the

housing and the downstream casing (e.g. the rim of the outlet aperture). In this
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embodiment, preferably the valve member moves relative to the cage (e.g. the cage
is fixed stationary in the device). Therefore, preferably, as the valve member moves
towards and away from the outlet aperture, the apertures in the cage are selectively

opened and closed, thus controlling the flow of fluid through the outlet aperture.

The arrangement of (e.g. the size and distribution of) the apertures in the cage may
be chosen to provide a particular profile for the control of the flow of fluid through

the outlet aperture.

When viewed from a second aspect, the invention provides a device for controlling
the flow of fluid through a conduit from an upstream side of the device to a
downstream side of the device, the device comprising

an upstream valve casing defining an inlet on the upstream side of the
device;

a downstream valve casing defining an outlet aperture on the downstream
side of the device;

a valve core secured between the upstream valve casing and the
downstream valve casing, wherein the upstream valve casing, the downstream
valve casing and the valve core are formed as discrete parts;

wherein the valve core comprises a housing;

a valve member movably mounted on the housing and positioned on the
upstream side of the outlet aperture, wherein the valve member is arranged to
move reciprocally to selectively open and close the outlet aperture, thereby
controlling flow of the fluid through the outlet aperture;

a magnet mounted on or relative to the valve member, wherein the magnet
is arranged to be displaced by the displacement of the valve member in a direction
parallel to the direction of displacement of the valve member; and

a magnetic field sensor mounted on the valve housing.

It will be appreciated that this aspect of the invention may (and preferably does)

include one or more (e.g. all) of the optional and preferred features outlined herein.

For example, in one set of embodiments, the device may be arranged to determine
the position of the valve member, from the output received from the magnetic field

sensor, e.g. using a control unit.
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Certain preferred embodiments for the invention will now be described, by way of
example only, with reference to the accompanying drawings in which:

Figures 1a and 1b show a cross-sectional view of a device in accordance
with an embodiment of the invention wherein the valve member is arranged to close
in the event of a failure;

Figures 2a and 2b show a cross-sectional view of a device in accordance
with an embodiment of the invention wherein the valve member is arranged to open
in the event of a failure;

Figures 3a and 3b show a cross-sectional view of a device in accordance
with an embodiment of the invention wherein the valve member is actuated open or
closed by separate control fluid feeds;

Figure 4 shows a cross-sectional view of a device in accordance with an
embodiment of the invention wherein a cage trim is attached to the valve member;

Figure 5 shows a cross-sectional view of a device in accordance with an
embodiment of the invention wherein a cage trim is installed around the valve
member;

Figure 6 shows a cross-sectional view of a device in accordance with an
embodiment of the invention wherein the device includes a position sensor
comprising a magnet and magnetic field sensors;

Figure 7 shows a cross-sectional view of a device in accordance with an
embodiment of the invention wherein the device includes a position sensor
comprising a ring magnet and magnetic field sensors;

Figure 8 shows a cross-sectional view of a device in accordance with an
embodiment of the invention wherein the wherein the device includes a position
sensor comprising a magnet and three magnetic field sensors mounted within three

separate radial holes in the valve core.

There are many different industrial situations in which there is a desire to control the
flow rate in a fluid flow stream through a conduit. In such systems, a device is
required to control the output flow rate by opening and/or closing an outlet (e.g.
valve) aperture. As will now be described, embodiments of the present invention

provide devices that are able to provide this control for the fluid flow.
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Figures 1a and 1b show a cross-sectional view of a fluid flow device 1 in
accordance with an embodiment of the present invention. Figure 1a shows the
device 1 in its fully-open position and Figure 1b shows the device 1 in its fully-
closed position. The device 1 comprises a valve core 2, an upstream valve casing 4
and a downstream valve casing 5, which are formed as three separate
components. The device 1 is mounted in a pipe 7 that extends either side of the

upstream and downstream valve casings 4, 5.

To assemble the device 1, the valve core 2 is mounted and sealed between the
upstream and downstream valve casings 4, 5 and is clamped in place by means of
a flange bolt circle 12. This provides an advantage over one-piece cast valve
bodies, in which the valve member must be smaller in diameter than the ends of the
valve in order for it to be inserted through the inlet or outlet aperture. Whereas, with
the present three-piece design, it is possible to accommodate a larger valve core

and valve member capable of supporting higher hydraulic control pressures.

The upstream valve casing 4 defines an inlet aperture 8 and the downstream valve
casing 5 comprises a valve seat 52 surrounding and defining an outlet aperture 10.
The flow of fluid in Figures 1a and 1b is from left to right, following a conduit 6

defined within the valve casings 4, 5.

The valve core 2 comprises four main components: a piston 14, a closure member
16, a control fluid feed 18 and a housing 20. The piston 14 and the closure member
16 together form a valve member. The housing 20 and the piston 14 together define

a control fluid pressure chamber 21 and a downstream pressure chamber 22.

The control fluid pressure chamber 21 is downstream of the piston head 28 and is
fluidly connected to the control fluid feed 18 for supplying a control fluid (and thus a
control fluid pressure) into the control fluid pressure chamber 21, such that the
control fluid pressure acts on the downstream face 48 of the piston head 28. The
downstream pressure chamber 22 is upstream of the piston head 28 and is fluidly
connected to the downstream side of the conduit 6 via an upstream piston cavity
balance hole 32 and closure member balance holes 34. This allows the fluid on the
downstream side of the conduit 6 (and thus a downstream fluid pressure) to be

supplied into the downstream pressure chamber 22 (via the upstream piston cavity
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balance hole 32 and the closure member balance holes 34), such that the pressure
in the upstream portion of the downstream pressure chamber 22 (and thus acting
on the upstream face of the piston head 28) is equal to the downstream pressure at
the outlet aperture 10. The housing 20 further defines a piston shaft aperture 24

and a closure member chamber 25.

The control fluid feed 18 is connected to a source of control fluid 66 (e.g. hydraulic
fluid, pneumatic fluid or fluid taken from within the pipe 7) which is controlled by a
control system 70, e.g. to set the pressure of the control fluid in the control fluid
pressure chamber 21. The control system 70 may use feedback data collected by a
position sensor 72 that determines the position of the piston 14 relative to the

housing 20 and/or the outlet aperture 10.

The piston 14 comprises a piston head 28 and a piston shaft 30, which projects
perpendicularly from the downstream surface 48 of the piston head 28 through the
piston shaft aperture 24 into the closure member chamber 25. The piston head 28
is sealed against the housing 20 by piston seals 56 and the piston shaft 30 is
sealed within the piston shaft aperture 24 by piston shaft seals 58. This prevents
the control fluid from leaking into the downstream pressure chamber 22 and the

closure member chamber 25 respectively.

The closure member 16 is attached to the downstream end of the piston shaft 30
such that the closure member 16 moves longitudinally with the piston 14. The
closure member 16 has a cylindrical sleeve portion 38 and an end portion 36. The
end portion 36 comprises shut off seals 40, mounted on the outside surface of the
closure member end portion 36, and a number of closure member balance holes 34
that allow fluid to pass from the downstream side of the conduit 6 through the
closure member chamber 25 and into the downstream pressure chamber 22 via the
upstream piston cavity balance hole 32. The closure member 16 is arranged to
move reciprocally along the inner surface 42 of the housing 20 within the closure

member chamber 25.

The cylindrical sleeve portion 38 of the closure member 16 has a hollow central
bore in which a helical spring 54 is positioned around the piston shaft 30. The

helical spring 54 is a compression spring which is held between the housing 20 and
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the closure member 16 to bias the closure member 16 to close the outlet aperture
10.

The closure member 16 is moveable between two extreme positions: a fully-open
position, as shown in Figure 1a, and a fully-closed position, as shown in Figure 1b.
In the fully-open position, the upstream surface 44 of the piston head 28 abuts the
upstream inner face 46 of the housing 20 and the end portion 36 of the closure
member 16 is located within the closure member chamber 25, leaving a flow path
for the flow of fluid through the outlet aperture 10 from the upstream side of the
device 1 to the downstream side. In the fully-closed position, the downstream
surface 48 of the piston head 28 abuts the downstream inner surface 50 of the
housing 20 and the end portion 36 of the closure member 16 is moved such that the
outer surface of the end portion 36 of the closure member 16 is sealed against the
valve seat 52 by shut off seals 40. This prevents the fluid from flowing through

device 1 via the outlet aperture 10.

Operation of the fluid flow device 1 shown in Figures 1a and 1b will now be

described.

Figure 1b shows the device 1 in its fully-closed state, in which the control fluid
pressure in the control fluid pressure chamber 21 is set to a low value by the control
fluid source 66 (controlled by the control system 70). The combined force from the
downstream pressure acting on the upstream surface 44 of the piston head 28 and
the spring force from the helical spring 54 is greater than the control fluid pressure
acting on the downstream surface 48 of the piston head 28. Thus the piston 14 is
moved to the right of Figure 1b, moving the end portion 36 of the closure member
16 to be sealed against the valve seat 52 by the shut off seals 40. This prevents the

fluid from flowing through the device 1 via the outlet aperture 10.

In order to place the device 1 in the fully-open position, as shown in Figure 1a, the
control fluid pressure is raised to a value sufficient to cause the force acting on the
downstream surface 48 of the piston head 28 to be greater than the combined
opposing forces caused by the helical spring 54 and the downstream pressure
acting on the upstream surface 44 of the piston head 28. As a result, the upstream

surface 44 of the piston head 28 is moved to the position in which it abuts the
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upstream inner surface 46 of the housing 20, thus moving the closure member 16
to be located within the closure member chamber 25, leaving a flow path for the

flow of fluid through the outlet aperture 10.

In the event of failure of one or more of the piston seals 56 or piston shaft seals 58,
causing the pressure acting on the upstream surface 44 of the piston head 28 to
become equal to the pressure acting on the downstream surface 48 of the piston
head 28, the helical spring 54 acts to bias the closure member 16 to the right of
Figures 1a and 1b into the fully-closed position. In the event of a loss of control fluid
pressure (e.g. owing to a loss of power in the hydraulic and/or control systems 70),
the downstream pressure acting on the upstream surface 44 of the piston head 28
is greater than the control pressure acting on the downstream surface 48 of the
piston head 28. Furthermore, the helical spring 54 acts to bias the closure member
16 towards the right of Figure 1b. Thus, in both of these failure modes of the fluid
flow device 1, the piston 14 is moved to the right of Figure 1b, moving the end
portion 36 of the closure member 16 to be sealed against the valve seat 52 by the
shut off seals 40. This prevents the fluid from flowing through device 1 via the outlet

aperture 10, thus representing a “fail closed” mode of the device.

Figures 2a and 2b show a device 101 in accordance with a further embodiment of
the present invention, which is a variant of the device 1 shown in Figures 1a and
1b. Figure 2a shows the device 101 in its fully-open position and Figure 2b shows

the device 101 in its fully-closed position.

The embodiment has the same three-piece design as the embodiment shown in
Figures 1a and 1b. However, the device 101 varies from device 1 in a number of

ways.

First, the control fluid pressure chamber 121 is on the upstream side of the piston
head 128 and the downstream pressure chamber 122 is on the downstream side of
the piston head 128. The downstream pressure chamber 122 in the device 101 is
defined by the housing 120, the downstream surface 148 of the piston head 128
and the inner surface of a cylindrical spring housing 160. The spring housing 160
extends through the piston shaft aperture 124 from the piston chamber 122 to the

closure member chamber 125.
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The spring housing 160 comprises a central bore 162 and an end aperture 164,
wherein the end aperture 164 is proportioned to accommodate the piston shaft 130.
A helical spring 154 is positioned within the central bore 162 such that it
encompasses the piston shaft 130 and extends between the downstream surface
148 of the piston head 128 and the downstream inner surface of the spring housing
160. The helical sprint 154 thus acts to bias the closure member 116 to open the

outlet aperture 110.

Second, the housing 120 of device 101 does not define an upstream cavity balance
hole. Instead, the downstream pressure chamber 122 is fluidly connected to the
outlet aperture 110 via the end aperture 164 of the spring housing 160 and the
closure member balance holes 134. The downstream pressure thus acts on the

downstream face 148 of the piston head 128.

Operation of the fluid flow device 101 shown in Figures 2a and 2b will now be

described.

Figure 2a shows the device 101 in its fully-open state, in which the control fluid
pressure in the control fluid pressure chamber 121 is set to a low value by the
hydraulic source 166 (controlled by the control system 170). The combined force
from the downstream pressure acting on the downstream surface 148 of the piston
head 128 and the spring force from the helical spring 154 is greater than the control
fluid pressure acting on the upstream surface 144 of the piston head 128. As a
result, the upstream surface 144 of the piston head 128 is moved to the position in
which it abuts the upstream inner surface 146 of the housing 120, thus moving the
end portion 136 of the closure member 116 to be located within the closure member
chamber 125, leaving a flow path for the flow of fluid through the outlet aperture
110. It will be appreciated that this arrangement is the reverse of the arrangement
shown in Figure 1a and described above, where the device 1 is designed to fully

close when the control fluid pressure is low.

In order to place the device 101 in the fully-closed position, as shown in Figure 2b,
the control fluid pressure is raised to a value sufficient to cause the force acting on

the upstream surface 144 of the piston head 128 to be greater than the combined
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opposing forces caused by the helical spring 154 and the downstream pressure
acting on the downstream surface 148 of the piston head 128. As a result, the
piston 114 is moved to the right of Figure 2b, moving the end portion 136 of the
closure member 116 to be sealed against the valve seat 152 by the shut off seals
140. This prevents the fluid from flowing through the device 101 via the outlet
aperture 110.

In the event of failure of one or more of the piston seals 156, causing the pressure
acting on the downstream surface 148 of the piston head 128 to become equal to
the pressure acting on the upstream surface 144 of the piston head 128, the helical
spring 154 acts to bias the closure member 116 to the left of Figures 2a and 2b into
the fully-open position. In the event of a loss of control fluid pressure (e.g. owing to
a loss of power in the hydraulic and/or control systems 170), the downstream
pressure acting on the downstream surface 148 of the piston head 128 is greater
than the control pressure acting on the upstream surface 144 of the piston head
128. Furthermore, the helical spring 154 acts to bias the closure member 116
towards the left of Figure 2b. Thus, in both of these failure modes of the fluid flow
device 101, the piston 114 is moved to the left of Figure 2b, moving the end portion
136 of the closure member 116 to be located within the closure member chamber
125, leaving a flow path for the flow of fluid through the outlet aperture 110, thus

representing a “fail open” mode of the device.

Figures 3a and 3b show a device 201 in accordance with a further embodiment of
the present invention, which is a variant of the device 1 shown in Figures 1a and
1b. Figure 3a shows the device 201 in its fully-open position and Figure 3b shows

the device 201 in its fully-closed position.

The embodiment has the same three-piece design as the embodiment shown in
Figures 1a and 1b. However, the device 201 varies from device 1 in a number of

ways.

The housing 220 of device 201 defines two control fluid pressure chambers: an
upstream control fluid pressure chamber 223, located upstream of the piston head
228 and a downstream control fluid pressure chamber 222, located downstream of

the piston head 228. The upstream control fluid pressure chamber 223 is fluidly
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connected to an upstream control fluid source 266 via an upstream control fluid
feed 219 for supplying a control fluid (and thus a control fluid pressure) into the
upstream control fluid pressure chamber 223, such that the control fluid pressure
acts on the upstream face of the piston head 228. The downstream control fluid
pressure chamber 222 is fluidly connected to a downstream control fluid source 268
via a downstream control fluid feed 218 for supplying a control fluid (and thus a
control fluid pressure) into the downstream control fluid pressure chamber 222,
such that the control fluid pressure acts on the downstream face of the piston head
228.

Operation of the fluid flow device 201 shown in Figures 3a and 3b will now be

described.

Figure 3b shows the device 201 in its fully-closed state, in which the control fluid
pressure in the downstream control fluid pressure chamber 222 is set to a low value
by a downstream control fluid source 268 and the control fluid pressure in the
upstream control fluid pressure chamber 223 is set to a high value by an upstream
control fluid source 266. Both the downstream control fluid source 268 and the

upstream control fluid source 266 are controlled by a control system 270.

The combined force from the control pressure acting on the upstream surface 244
of the piston head 228 and the spring force from the helical spring 254 (which acts
to bias the closure member 216 towards the right of Figure 3b) is greater than the
control pressure acting on the downstream surface 248 of the piston head 228.
Thus the piston 214 is moved to the right of Figure 3b, moving the end portion 236
of the closure member 216 to be sealed against the valve seat 252 by the shut off
seals 240. This prevents the fluid from flowing through the device 201 via the outlet

aperture 210.

In order to place the valve 201 in the fully-open position, as shown in Figure 3a, the
downstream control fluid pressure is raised by the control system 270 to a value
sufficient to cause the force acting on the downstream surface 248 of the piston
head 228 to be greater than the combined opposing forces caused by the helical
spring 254 and the downstream control pressure acting on the upstream surface

244 of the piston head 228. As a result, the upstream surface 244 of the piston
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head 228 is moved to a position in which it abuts the upstream inner surface 246 of
the housing 220, thus moving the closure member 216 to be located within the
closure member chamber 225, leaving a flow path for the flow of fluid through the

outlet aperture 210.

In the event of failure of one or more of the piston seals 256, causing the pressures
in the downstream control fluid pressure chamber 222 and the upstream control
fluid pressure chamber 223 to equalise, the helical spring 254 acts to bias the
closure member 216 to the right of Figures 3a and 3b into the fully-closed position.
In a further failure mode, when one or more of the piston shaft seals 258 fail, the
downstream control fluid pressure becomes equal to the downstream pressure. In
this case, the helical spring 254 acts to bias the closure member 216 to the right of

Figures 3a and 3b and move it in into the fully-closed position.

In the event of a loss of downstream control fluid pressure (e.g. owing to a loss of
power in the hydraulic and/or control systems 270), the piston head 228 is biased
and moved towards the right of Figures 3a and 3b by the combined force of the

helical spring 254 and the upstream control pressure.

Thus, in all of the failure modes of the fluid flow device 201 described above, the
piston 214 is forced to the right of Figure 3b, moving the end portion 236 of the
closure member 216 to be sealed against the valve seat 252 by the shut off seals
240. This prevents the fluid from flowing through the device 201 via the outlet
aperture 210. However, it will be appreciated that the helical spring 254 of device
201 shown in Figures 3a and 3b may be adapted to function in a manner similar to
that shown in Figures 2a and 2b so that the device operates as a “fail-open” device.
Furthermore, the helical spring 254 may be removed completely so that, in the
event of seal or power failure, the valve 201 is designed to fail “in-place”, i.e. the

valve 201 is not biased to either the fully-closed or the fully-open position.

Figure 4 shows a device 301 in accordance with a further embodiment of the
present invention, which is a variant of the device 201 shown in Figures 3a and 3b.
The device 301 is essentially the same as the device 201 discussed above.
However, the helical spring 254 has been removed and a cylindrical cage 374 has

been centrally attached to the end portion 336 of the closure member 316. The
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embodiment has the same three-piece design as the embodiment shown in Figures
3a and 3b.

The cylindrical cage 374 extends longitudinally through the outlet aperture 310 of
the device 301. The outer diameter of the cage 374 is equal to the outer diameter of
the end portion 336 of the closure member 316 so that the cage 374 fills the outlet
aperture 310. The cage 374 comprises a plurality of apertures 376 which are
distributed uniformly along the length and circumference of the cage 374 and fluidly

connect inlet aperture 308 of the conduit 306 to the outlet aperture 310.

As in previous embodiments, the closure member 316 is moveable longitudinally
within the closure member chamber 325 between a fully-open position (shown in

Figure 4) and a fully-closed position (not shown).

Figure 4 shows the device 301 in its fully-open position, in which the downstream
control fluid pressure in the downstream control fluid pressure chamber 322 is
greater than the upstream control fluid pressure in the upstream control fluid
pressure chamber 323. As a result, the piston 314, the closure member 316 and the
cage 374 are moved to the left of Figure 4 such that the closure member 316 is fully
located within the closure member chamber 325. In this position, a maximum
number of cage apertures 376 are opened to allow fluid to flow through the device

301 at a maximum flow rate.

In order to reduce the flow rate through the device 301, the upstream control
pressure is increased, causing the piston 314, closure member 316 and the cage
374 to move to the right of Figure 4. As the cage 374 is moved into the outlet
aperture 310, the number of cage apertures 376 that are closed by the valve seat
352 increases. This has the effect of throttling the fluid flow, as the flow rate will
decrease in proportion the total area of the apertures 376 that remain open.
Consequently, it will be appreciated that this embodiment enables more precise

control of the fluid flow rate.

When the device 301 reaches its fully-closed position, the end portion 336 of the
closure member 316 is sealed against the valve seat 352 by the shut off seals 340

and the cage 374 is fully encompassed by the valve seat 352, thus closing all off
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the cage apertures 376. This prevents the fluid from flowing through the device 301

via the outlet aperture 310.

Figure 5 shows a device 401 in accordance with a further embodiment of the
present invention, which is a variant of the device 301 shown in Figure 4. The
device 401 is essentially the same as the device 301 discussed above. However,
rather than the cage 374 being attached to the end portion 336 of the closure
member 316, the cage 474 is attached to the downstream end of the closure
member casing 426, spanning the orifice between the closure member casing 426
and the valve seat 452. The inner diameter of the cage 474 is equal to the inner
diameter of the closure member casing 426 so that the closure member 416 is able
to slide longitudinally within the cage 474. Furthermore, the shut off seals 440 are
mounted on the inner surface of the valve seat 452 rather than on the outside

surface of the closure member 416.

Figure 5 shows the device 401 in its fully-open position, in which the downstream
control fluid pressure in the downstream control fluid pressure chamber 422 is
greater than the upstream control fluid pressure in the upstream control fluid
pressure chamber 434. As a result, the piston 414 and the closure member 416 are
moved to the left of Figure 5 such that the closure member 416 is fully located
within the closure member chamber 425. In this position, none of the cage
apertures 476 are closed by the closure member 416. Therefore, fluid may flow

through the device 401 at a maximum flow rate.

In order to reduce the flow rate through the device 401, the upstream control
pressure is increased, causing the piston 414 and the control member 416 to move
to the right of Figure 5. As the closure member 416 is moved towards the outlet
aperture 410, the number of cage apertures 476 that are closed by the closure
member 416 increases. This has the effect of throttling the fluid flow, as the flow
rate will decrease in proportion to the total area of the apertures 476 that remain
open. Consequently, it will be appreciated that this embodiment enables more

precise control of the fluid flow rate.

When the device 401 reaches its fully-closed position, the end portion 436 of the

closure member 416 is sealed against the valve seat 452 by the shut off seals 440
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and all of the cage apertures 476 are completely closed by the closure member
416. This prevents the fluid from flowing through the device 401 via the outlet
aperture 410.

Figure 6 shows a cross-sectional view of a fluid flow device 501 in accordance with
an embodiment of the present invention, in which the device 501 comprises position
sensing apparatus. The device 501 shown in Figure 6 is substantially the same as
the device 1 shown in Figure 1a, except that the device 501 comprises a magnet
580 embedded within the piston 514 and a magnetic field sensor 582 mounted
within a radial hole 584 in the housing 520.

The radial hole 584 extends into the valve core 502 from the exterior surface of the
valve core 502. The radial hole 584 is arranged in a plane perpendicular to the
control fluid feed and the piston cavity balance hole (not shown). A PCB 586 is
located within the radial hole 584 and comprises three magnetic field sensors (Hall
effect sensors) 582. Electric cables fed through radial hole 584 provide power to the
PCB 586 and allow measurements of the magnetic field strength to be sent from

each of the sensors 582 to a position sensor control unit 572.

The magnet 580, extending in the axial direction, is embedded centrally within the
piston 514. As the magnet 580 is rigidly embedded within the piston 514, the axial
displacement of the piston 514 corresponds exactly to the axial displacement of the
magnet 580. As the magnet 580 is located centrally within the piston 514, any
circumferential movement of the valve member does not cause a change in

distance between the magnet 514 and the sensors 582.

During normal operation of the device 501, the flow of fluid through the device 501
from the inlet aperture 508 to the outlet aperture 510 is controlled by the movement
of the piston 514 and closure member 516. As the closure member 516 is moved
towards the valve seat 552, the flow through the device 501 is restricted. Therefore,
the fluid flow may be throttled by adjusting the axial displacement of the piston 514

and closure member 516.

The sensors 582 continuously measure the strength of the magnetic field of the

magnet 580 as it moves with the piston 514 and closure member 516. The
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measurements may be processed by the position sensor control unit 572 using an
error minimisation algorithm in order to determine the axial position of the piston

516 and closure member 516.

Figure 7 shows a cross-sectional view of a fluid flow device 601 in accordance with
an embodiment of the present invention, in which the device 601 comprises position
sensing apparatus. The device 601 is essentially the same as the device 501
discussed above. However, the axial magnet 580 has been replaced by a ring
magnet 680 that is embedded within the piston 614.

A PCB 686 comprising three Hall effect sensors 682, electrically connected to the
position sensor control unit 672, is located within a radial hole 684. The magnet 680
is positioned with the piston 614 such that, at all axial positions of the piston 614,

the sensors 682 are positioned within the end limits of the magnet 680.

Furthermore, as the ring magnet 680 is embedded centrally within the piston 614,
any circumferential movement of the closure member 616 does not cause a change

in distance between the magnet 680 and the sensors 682.

During normal operation of the device 601, flow through the device 601 is throttled
by the axial displacement of the piston 614 and closure member 616. The sensors
682 continuously measure the strength of the magnetic field of the ring magnet 680
as it moves with the piston 614 and closure member 616. In the same way as the
above embodiment, the measurements may be processed by the position sensor
control unit 672 using an error minimisation algorithm in order to determine the axial

position of the piston 614 and closure member 616.

Figure 8 shows a cross-sectional view a fluid flow device 701 in accordance with an
embodiment of the present invention, in which the device 701 comprises position
sensing apparatus. The device 701 is essentially the same as the device 501
discussed above. However, the valve core 702 comprises an additional two radial
holes 784 which extend into the valve core 702 from the exterior surface of the

valve core 702. The radial holes 784 are spaced axially within the valve core 702.
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A PCB 786 comprising a Hall effect sensor 782, electrically connected to the
position sensor control unit 772, is located within each radial hole 784. The magnet
780 is positioned with the piston 714 such that, at all axial positions of the piston

714, the sensors 782 are positioned within the end limits of the magnet 780.

In the same way as the above embodiments, the sensors 782 continuously
measure the strength of the magnetic field of the magnet 780 as it moves with the
piston 714 and closure member 716. The measurements may be processed by the
position sensor control unit 772 using an error minimisation algorithm in order to
determine the axial position of the piston 714 and closure member 716. For
example, the measurements may be used to determine a deviation in the
magnetisation of the magnet from a nominal magnetisation, and the determined

axial position may be adjusted accordingly.

The fluid flow device 701 further comprises a cylindrical piston liner 788 arranged
between the housing 720 and the piston 714.

It can be seen from the above that in at least preferred embodiments of the
invention, the device is a split piece design that includes three main parts: the
upstream and downstream casings, and the valve core. The valve member of the
device is actuated (e.g. hydraulically or pneumatically) by a control fluid. These
features help to provide a fluid flow control device which is easy to manufacture and
assemble, and is less likely to cause leakage of the fluid flowing through failure of

the device in the manner of conventional designs.

It will be appreciated by those skilled in the art that many variations and
modifications to the embodiments described above may be made within the scope
of the various aspects and embodiments of the invention set out herein. For
example, even in the “fail open”, “fail closed” or “fail in position” embodiments, the

device may not necessarily include a spring acting on the valve member.
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Claims

1. A device for controlling the flow of a fluid through a conduit from an
upstream side of the device to a downstream side of the device, the device
comprising:

an upstream valve casing defining an inlet on the upstream side of the
device;

a downstream valve casing defining an outlet aperture on the downstream
side of the device;

a valve core secured between the upstream valve casing and the
downstream valve casing, wherein the upstream valve casing, the downstream
valve casing and the valve core are formed as discrete parts, wherein the valve
core comprises a housing defining a control volume;

a valve member movably mounted on the housing and positioned on the
upstream side of the outlet aperture, wherein the valve member is arranged to
move reciprocally to selectively open and close the outlet aperture, thereby
controlling flow of the fluid through the outlet aperture;

an input line defined in the valve core for introducing a fluid pressure into the
control volume, wherein the valve member is acted on by the fluid pressure in the
control volume to control the position of the valve member;

a magnet mounted on a central axis of the valve member such that it is
displaced by movement of the valve member in the same direction as the valve
member; and

a position sensor arranged to determine the position of the valve member,
wherein the position sensor comprises one or more multiple-axis magnetic field
Sensors,

wherein the valve core comprises one or more cavities, extending from an
exterior surface of the valve core, in which the one or more multiple-axis magnetic
field sensors are located.

2. The device as claimed in claim 1, wherein the inlet, the valve member and
the outlet aperture are arranged coaxially with respect to each other about an axis
that extends in a direction collinearly with the average direction of fluid flow through
the outlet aperture.
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3. The device as claimed in claim 1 or 2, wherein a dimension of the outlet
aperture is less than a corresponding dimension of the valve member.

4. The device as claimed in any one of claims 1 to 3, wherein the valve
member comprises a piston head that is arranged to move within the control
volume, wherein the fluid pressure in the control volume is arranged to act on the
piston head.

5, The device as claimed in any one of claims 1 to 4, wherein the valve
member comprises a closure member arranged to engage with the downstream
casing or a detachable rim thereof to close the outlet aperture.

6. The device as claimed in claim 5, wherein the closure member comprises
an end face at the distal end of the closure member, wherein the end face of the
closure member comprises one or more apertures formed therein to allow fluid in
the conduit to pass therethrough.

7. The device as claimed in any one of claims 1 to 6, wherein the device
comprises a fluid pressure control system for supplying a fluid through the input line
into the control volume to provide the fluid pressure in the control volume to act on
the valve member.

8. The device as claimed in claim 7, wherein the fluid pressure control system
is arranged to control the fluid pressure in the control volume to control the position
of the valve member.

9. The device as claimed in any one of claims 1 to 8, wherein the device
comprises an upstream pressure sensor arranged to determine the pressure in the
conduit upstream of the device or a downstream pressure sensor arranged to
determine the pressure in the conduit downstream of the device.

10. The device as claimed in claim 9, wherein the device comprises a fluid
pressure control system for supplying a fluid through the input line into the control
volume to provide the fluid pressure in the control volume to act on the valve
member, wherein the upstream pressure sensor or the downstream pressure
sensor are connected to the fluid pressure control system, wherein the fluid

Date Regue/Date Received 2023-01-18
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pressure control system is arranged to use the upstream or downstream pressure
of the fluid in the conduit to control the fluid pressure in the control volume.

11. The device as claimed in any one of claims 1 to 10, wherein the device
comprises a fluid pressure control system for supplying a fluid through the input line
into the control volume to provide the fluid pressure in the control volume to act on
the valve member, wherein the position sensor is connected to the fluid pressure
control system, wherein the fluid pressure control system is arranged to use the
position of the valve member to control the fluid pressure in the control volume.

12. The device as claimed in any one of claims 1 to 11, wherein the position
sensor comprises a plurality of the multiple-axis magnetic field sensors that are
radially or axially spaced from each other.

13. The device as claimed in any one of claims 1 to 12, wherein the position
sensor is arranged to determine the position of the valve member from an output
received from the one or more multiple-axis magnetic field sensors.

14. The device as claimed in claim 13, wherein the position sensor is arranged
to calculate a magnetic field angle from the output of the one or more multiple-axis
magnetic field sensors.

15. The device as claimed in any one of claims 1 to 14, wherein the device
comprises one or more seals for sealing the control volume.

16. The device as claimed in any one of claims 1 to 15, wherein the device

comprises a spring arranged to act on the valve member, wherein the spring is
arranged to act on the valve member in the opposite direction to the direction in
which the fluid pressure in the control volume acts on the valve member.

17. The device as claimed in any one claims 1 to 16, wherein the control volume
is arranged such that the fluid pressure acts to bias the valve member in the
upstream direction, wherein the device is arranged such that the downstream
pressure of the fluid in the conduit acts to bias the valve member in the downstream
direction.

Date Regue/Date Received 2023-01-18
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18. The device as claimed in claim 17, wherein the housing comprises a
channel from the downstream side of the housing that is fluidly connected to an
upstream face of the valve member.

19. The device as claimed in any one of claims 1 to 16, wherein the control

5 volume is arranged such that the fluid pressure acts to bias the valve member in the
downstream direction, wherein the device is arranged such that the downstream
pressure of the fluid in the conduit acts to bias the valve member in the upstream
direction.

20. The device as claimed in claim 19, wherein the housing comprises a
10 channel from the downstream side of the housing that is fluidly connected to a
downstream face of the valve member.

21. The device as claimed in any one of claims 1 to 16, wherein the device
comprises two control volumes, and two input lines defined in the valve core for
introducing fluid pressures into the two control volumes respectively, wherein the

15 valve member is acted on by the difference in the fluid pressures in the two control
volumes to control the position of the valve member.

22. The device as claimed in any one of claims 1 to 21, wherein the device

comprises a cage that extends across the flow path between the housing and the

outlet aperture, wherein the cage comprises a plurality of apertures to allow fluid to
20 flow through.

23. The device as claimed in claim 22, wherein the cage is attached to the valve
member or the cage is attached to the housing and the downstream casing.

Date Regue/Date Received 2023-01-18



CA 03103757 2020-12-14

00000000000000000000000000000

N

w0
—

%)

7 %)

7 7N
i '«
P at o

H ’ o~

_

/
%

7
Ny

2
. ke

4

|

// 2 / ,
- //// /// /

g



CA 03103757 2020-12-14

00000000000000000000000000000

N
e
% = S\ Y

» & 2::; — \
" 1§/ gm 2 Wf : % / =
-




CA 03103757 2020-12-14

00000000000000000000000000000

-
o
H\

.

162 \\\\\\\\
\ -
»
-

, x N R

/

|




CA 03103757 2020-12-14

00000000000000000000000000000




CA 03103757 2020-12-14

00000000000000000000000000000

//////////
///// // ////

/////////////% -

_



CA 03103757 2020-12-14

00000000000000000000000000000

—
o
N\

/
EE ;-:' 2\ ¥

N
... &

Figure 3b

N
\\\‘\\\\E\\‘\\ \\FRYR
\ \\\\\\\\ 2\ N

23 228} 256 248 258
214
W S
?

e 4

)



7 24n314

[4

. s ] B \

T0€

1



000000000000

—
o
v\

CA 03103757 2020-12-14

B &

.

)

~
<

’

3 .

=0 8ol
& 0
Kp S
0

R

7
H
H
H
H
i

y A
-
-

|

-

2
03
0 i,

00000000000000000

"""""""" / | ¢

................ 2.3
LN
o~
<




CA 03103757 2020-12-14

00000000000000000000000000000

o i

.
%////

LN
_ 2
7 /
/ o
/ ‘ 00
o : 3 LN
% ’ /
) ” e B oy,
7 i L 38 el g
Y Z By 3 v / '
° E ; A Tl W s P
N & o A ; ;
Ln % IS IS,
x LEA
/% Z AL

Z



,,,,,,,,

0

/////////////// //////////////////////////
. % ,,,,,,,,,,,,,,,,,,,,,,,,,,, = /%




PCT/GB2020/050784

WO 2020

//////

o

%

%//////////////



-w,._ggg_ -iL'Q'L"' i l....‘..;-‘...-WMﬂﬂl"
| e




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - CLAIMS
	Page 47 - CLAIMS
	Page 48 - CLAIMS
	Page 49 - CLAIMS
	Page 50 - DRAWINGS
	Page 51 - DRAWINGS
	Page 52 - DRAWINGS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - DRAWINGS
	Page 60 - DRAWINGS
	Page 61 - REPRESENTATIVE_DRAWING

